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* NOTICES * 

JFO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The reflected wave of the electromagnetic wave emitted from the small radar which can be carried 
in a car is detected. The 1st procedure which detects the target which can serve as an obstruction based on 
the detection result of this reflected wave, The location of said target, the relative velocity of said target and 
self-car and said target, and the 2nd procedure that computes the collision prediction time amount of a self- 
car, The obstruction detection approach for cars characterized by having the 3rd procedure which emits an 
alarm when the danger of said target and collision of a self-car is predicted based on the location, relative 
velocity, and collision prediction time amount of said target and there is danger of a collision. 
[Claim 2] In the obstruction detection approach for cars according to claim 1 said 1st procedure About each 
sampled value which sampled the detection result of said reflected wave, a threshold is computed from the 
sampled value before and behind that. It is the procedure extracted for the purpose of the sampled value 
exceeding this threshold. Said 2nd procedure Judge the cross-correlation relation between the target under 
tailing detected by the last radar scan, and the newly detected target, and matching and the movement 
condition of each target are decided for the target under tailing, and the newly detected target. It is the 
procedure which computes the location, relative velocity, and collision prediction time amount of said 
target. Said 3rd procedure The obstruction detection approach for cars characterized by being the procedure 
of judging whether there being danger of said target and collision of a self-car by comparing the location, 
relative velocity, and collision prediction time amount of said target with the value set up beforehand. 
[Claim 3] The small radar which can be carried in the car which emits an electromagnetic wave and detects 
a reflected wave, The alarm-output means for telling that there is danger of the collision with an obstruction, 
The target which can serve as an obstruction based on the detection result of the reflected wave by said radar 
is detected. The location of said target, the relative velocity of said target and self-car and said target, and 
the collision prediction time amount of a self-car are computed. Obstruction detection equipment for cars 
characterized by having a processing means to make an alarm output to said alarm-output means when the 
danger of said target and collision of a self-car is predicted based on this calculation result and there is 
danger of a collision. 

[Claim 4] In the obstruction detection equipment for cars according to claim 3 said processing means About 
each sampled value which sampled the detection result of said reflected wave, a threshold is computed from 
the sampled value before and behind that. Judge the cross-correlation relation between the target under 
tailing which detected for the purpose of the sampled value exceeding this threshold, and was detected by 
the last radar scan, and the newly detected target, and the target under tailing and the newly detected target 
are matched. Obstruction detection equipment for cars characterized by judging whether there is danger of 
said target and collision of a self-car by computing the location, relative velocity, and collision prediction 
time amount of said target by deciding the movement condition of each target, and comparing this 
calculation result with the value set up beforehand. 

[Claim 5] Are the record medium which recorded the obstruction detection program for cars which detects 
the obstruction around a car, and the reflected wave of the electromagnetic wave emitted from the small 
radar which can be carried in a car is detected. The 1st procedure which detects the target which can serve as 
an obstruction based on the detection result of this reflected wave, The location of said target, the relative 
velocity of said target and self-car and said target, and the 2nd procedure that computes the collision 
prediction time amount of a self-car, The record medium which recorded the obstruction detection program 
for cars for making a computer perform the 3rd procedure which emits an alarm when the danger of said 
target and collision of a self-car is predicted based on the location, relative velocity, and collision prediction 
time amount of said target and there is danger of a collision. 

http://www4.ipdl.ndpi. go.jp/cgi^^^ 3/2/2006 



JP,2001-126194,A [CLAIMS] 



Page 2 of 2 



[Claim 6] In a record medium according to claim 5 said 1st procedure About each sampled value which 
sampled the detection result of said reflected wave, a threshold is computed from the sampled value before 
and behind that. It is the procedure extracted for the purpose of the sampled value exceeding this threshold. 
Said 2nd procedure Judge the cross-correlation relation between the target under tailing detected by the last 
radar scan, and the newly detected target, and matching and the movement condition of each target are 
decided for the target under tailing, and the newly detected target. It is the procedure which computes the 
location, relative velocity, and collision prediction time amount of said target. Said 3rd procedure The 
record medium characterized by being the procedure of judging whether there being danger of said target 
and collision of a self-car by comparing the location, relative velocity, and collision prediction time amount 
of said target with the value set up beforehand. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] When this invention is applied to cars, such as a passenger car, a truck, or a 
motorcycle, and a suitable obstruction detection technique is started, especially the danger of each 
obstruction is judged and there is danger of a collision, it relates to the obstruction detection approach for 
cars, the obstruction detection equipment for cars, and the record medium which can emit an alarm. 
[0002] 

[Description of the Prior Art] Conventionally, as obstruction detection equipment for cars, the thing using 
the sensor by the supersonic wave is in use. In the case of a passenger car, the usual ultrasonic sensor is 
attached in four corners of a vehicle, and is detecting the target within the distance of about 50cm. 
Moreover, two or more ultrasonic sensors are attached behind a car, and there is also obstruction detection 
equipment which detects the target within distance (l-2m). In the case of a corner sensor, there is much what 
operates by the low speed below 20 km/h extent. Moreover, in the case of a back sensor, only when a gear 
goes into reverse, usually, it operates. 

[0003] Such conventional obstruction detection equipment transmits a supersonic wave, it is detection 
within the limits, and when there is a reflective signal, judges that there are obstructions, such as human 
being, a telegraph pole, and a guard rail, and emits an alarm to a passenger. If an obstruction is detected 
especially, while carrying out singing of the audible sound, there are many methods which emit an alarm 
among passengers by displaying the location of a detection sensor on the liquid crystal display built into the 
drivers seat dashboard. With this obstruction detection equipment, the passenger is told about danger by 
carrying out singing of the audible sound intermittently, when an obstruction is far away, and carrying out 
singing of the audible sound continuously, when an obstruction is in near. 

[0004] Moreover, there is also obstruction detection equipment which uses a television camera or an 
infrared camera instead of an ultrasonic sensor. This obstruction detection equipment carries out the image 
processing of the image picturized with the camera, and detects an obstruction. Moreover, in JP,7-229961,A, 
the obstruction detection equipment which displays the information which detected and detected the 
distance to the obstruction of car side back and the direction of an obstruction using the infrared ray radar on 
a mounted display unit is proposed. 

[0005] Furthermore, in JP,8- 166448, A, the obstruction detection equipment which displays a subcarrier in 
quest of the distance to an object based on the phase contrast of pulse modulation, or the modulating signal 
of an electromagnetic wave which carried out amplitude modulation and the detection signal of a reflected 
wave is proposed. And in JP,9-318740,A, the obstruction detection equipment which detects an obstruction 
using the radar which transmits and receives a laser beam is proposed. 
[0006] 

[Problem(s) to be Solved by the Invention] However, with the conventional obstruction detection equipment 
using an ultrasonic sensor, there was a trouble that an ultrasonic sensor incorrect-operated to the 
phenomenon of rain, snow, ice (freezing), etc. For example, an alarm is always emitted from the ultrasonic 
sensor which froze over although there was no obstruction at the time of early morning starting in a cold 
district, and the alarm function itself must be stopped after all in many cases. Moreover, since detection 
distance of an ultrasonic sensor was short, it was able to be used only for perimeter check extent at the time 
of vehicle warehousing or start. 

[0007] Moreover, with the conventional obstruction detection equipment using a television camera or an 
infrared camera, there was a trouble that the ability to detect of a camera declined according to temperature 
or weather conditions (for example, backlight etc.). Furthermore, with conventional obstruction detection 
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equipment, although each had detected the obstruction of the perimeter of a car using the sensor aimed at 
obtaining ranging, the travelling directions or rates of an obstruction, such as other cars or human being, 
were not taken into consideration, but there was a trouble that the degree of danger could not be judged. The 
distance between two cars with a precedence car is supervised on the car proposed by current, and there are 
some which the monitor system of this distance between two cars and the control system of an accelerator 
brake are interlocked, and perform cruise control of a car in it. However, yes [ the danger that this technique 
will be based on the obstruction of the perimeter of a car is judged, and ]. 

[0008] This invention was not made in order to solve the above-mentioned technical problem, it performs 
exact obstruction detection using the sensor which is not influenced by the meteorological condition, judges 
the danger of each obstruction, and aims at offering the obstruction detection approach for cars, the 
obstruction detection equipment for cars, and the record medium which can realize prevention of a traffic 
accident, and improvement in safety of a passenger. 
[0009] 

[Means for Solving the Problem] The obstruction detection approach for cars of this invention detects the 
reflected wave of the electromagnetic wave emitted from the small radar which can be carried in a car. The 
1 st procedure which detects the target which can serve as an obstruction based on the detection result of this 
reflected wave (steps 101-103), The location of said target, the relative velocity of said target and self-car 
and said target, and the 2nd procedure that computes the collision prediction time amount of a self-car (step 
104,105), Based on the location, relative velocity, and collision prediction time amount of said target, the 
danger of said target and collision of a self-car is predicted, and when there is danger of a collision, it has 
the 3rd procedure (step 106,107) which emits an alarm. In order to prevent serious accident beforehand, the 
perimeter monitoring function under transit is very effective. For example, they are a dead angle monitor at 
the time of passing, or contamination detection at the time of left turn. Around, the car is carrying out the 
concurrent run to the adjoining lane and the opposite lane before and behind the same lane at the time of car 
transit. Moreover, there are a guard rail and an indicator in a boundary with a foot walk. Furthermore, the 
pedestrian on a foot walk or a zebra zone, a two-wheel barrow, etc. are. It is only that the conventional 
sensor is only detecting existence of a target. There is no judgment function of danger there. For example, 
danger will be low even if a mutual distance of the car which runs together an adjoining lane is lm. It is 
thought that the two-wheel barrow which goes straight on on a self-car from the distance of 5m has high 
danger conversely. Such danger is judged on real time, and if there is equipment which can generate an 
alarm, it will be thought that it contributes to improvement in safety greatly. Then, the reflected wave of the 
electromagnetic wave emitted in this invention from the small radar which can be carried in a car is 
detected. Detect the target which exists in about [ of a car ] perimeter number 1 0m based on the detection 
result of this reflected wave and which can serve as an obstruction, and a target location, the relative 
velocity of a target and a self-car and a target, and the collision prediction time amount of a self-car are 
computed. The danger of a target and a collision of a self-car is predicted, and an alarm is emitted when 
there is danger of a collision. Thereby, improvement in safety can be aimed at as a passenger's auxiliary 
device. As an example of 1 configuration of the obstruction detection approach for cars of this invention, 
moreover, said 1st procedure About each sampled value which sampled the detection result of said reflected 
wave, a threshold is computed from the sampled value before and behind that. It is the procedure extracted 
for the purpose of the sampled value exceeding this threshold. Said 2nd procedure Judge the cross- 
correlation relation between the target under tailing detected by the last radar scan, and the newly detected 
target, and matching and the movement condition of each target are decided for the target under tailing, and 
the newly detected target. It is the procedure which computes the location, relative velocity, and collision 
prediction time amount of said target, and said 3rd procedure is a procedure of judging whether there being 
danger of said target and collision of a self-car, by comparing the location, relative velocity, and collision 
prediction time amount of said target with the value set up beforehand. 

[0010] Moreover, the small radar which can be carried in the car which the obstruction detection equipment 
for cars of this invention emits an electromagnetic wave, and detects a reflected wave (1), The alarm-output 
means for telling that there is danger of the collision with an obstruction (5 6), The target which can serve as 
an obstruction based on the detection result of the reflected wave by said radar is detected. The location of 
said target, the relative velocity of said target and self-car and said target, and the collision prediction time 
amount of a self-car are computed. Based on this calculation result, the danger of said target and collision of 
a self-car is predicted, and when there is danger of a collision, it has a processing means (3) to make an 
alarm output to said alarm-output means. As an example of 1 configuration of the obstruction detection 
equipment for cars of this invention, moreover, said processing means About each sampled value which 
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sampled the detection result of said reflected wave, a threshold is computed from the sampled value before 
and behind that. Judge the cross-correlation relation between the target under tailing which detected for the 
purpose of the sampled value exceeding this threshold, and was detected by the last radar scan, and the 
newly detected target, and the target under tailing and the newly detected target are matched. The location, 
relative velocity, and collision prediction time amount of said target are computed by deciding the 
movement condition of each target, and it judges whether there is danger of said target and collision of a 
self-car by comparing this calculation result with the value set up beforehand. 

[001 1] Moreover, the record medium which recorded the obstruction detection program for cars of this 
invention The reflected wave of the electromagnetic wave emitted from the small radar which can be carried 
in a car is detected. The 1st procedure which detects the target which can serve as an obstruction based on 
the detection result of this reflected wave (steps 101-103), The location of said target, the relative velocity of 
said target and self-car and said target, and the 2nd procedure that computes the collision prediction time 
amount of a self-car (step 104,105), Based on the location, relative velocity, and collision prediction time 
amount of said target, the danger of said target and collision of a self-car is predicted, and when there is 
danger of a collision, it is made to make a computer perform the 3rd procedure (step 106,107) which emits 
an alarm. As an example of 1 configuration of the record medium which recorded the obstruction detection 
program for cars of this invention, and said 1st procedure About each sampled value which sampled the 
detection result of said reflected wave, a threshold is computed from the sampled value before and behind 
that. It is the procedure extracted for the purpose of the sampled value exceeding this threshold. Said 2nd 
procedure Judge the cross-correlation relation between the target under tailing detected by the last radar 
scan, and the newly detected target, and matching and the movement condition of each target are decided for 
the target under tailing, and the newly detected target. It is the procedure which computes the location, 
relative velocity, and collision prediction time amount of said target, and said 3rd procedure is a procedure 
of judging whether there being danger of said target and collision of a self-car, by comparing the location, 
relative velocity, and collision prediction time amount of said target with the value set up beforehand. 
[0012] 

[Embodiment of the Invention] [1 of the gestalt of operation], next the gestalt of operation of this invention 
are explained to a detail with reference to a drawing. The block diagram and drawing 2 which show the 
configuration of the obstruction detection equipment for cars with which drawing 1 serves as a gestalt of 
operation of the 1st of this invention are a flow chart Fig. for explaining actuation of the obstruction 
detection equipment for cars of drawing 1 . The small radar 1 which can be carried in the car which the 
obstruction detection equipment for cars of drawing 1 emits an electromagnetic wave, and detects a reflected 
wave, A/D converter 2 which changes into digital data the envelope signal Env which it is as a result of [ of 
the reflected wave by this radar 1 ] detection, The target which can serve as an obstruction based on the 
digitized envelope signal Env is detected. The processor 3 which computes a target location, the relative 
velocity of a target and a self-car and a target, and the collision prediction time amount of a self-car, and 
predicts the danger of a target and a collision of a self-car based on this calculation result, It consists of 
memory 4 which memorizes the information on the target under tailing detected by the last radar scan, and 
the information on the newly detected target, an indicating equipment 5 for displaying a detection result, and 
an audio output device 6 which outputs the alarm tone or warning voice which tells the passenger of a car 
about risk. 

[0013] As shown in drawing 3 , a radar 1 is a pulse radar which emits continuously the electromagnetic 
wave divided in the shape of a pulse, and is a sensor for detecting the reflected wave from a body and 
measuring the distance to a body. The distance to a body can be measured by elapsed time after discharging 
an electric wave until it receives. 

[0014] The carrier frequency of a transmitted electric wave is 24GHz, and pulse repetition frequency is 
2MHz. Thus, by using the radar 1 which emits an electromagnetic wave, the exact target detection which is 
not influenced by the meteorological condition is attained, and the probability of incorrect actuation can be 
made small compared with an ultrasonic sensor. Moreover, property top long distance detection of an 
electromagnetic wave is possible, and it becomes possible to detect a distant target early comparatively. 
[001 5] Furthermore, with the gestalt of this operation, since high frequency is treated only in the circuit of 
the transceiver section and he is trying to treat the low frequency which changed high frequency in other 
circuits (down convert), the mark of a radio-frequency head article can be reduced and low-pricing of a 
radar 1 is attained. Moreover, since a radar 1 can constitute the most from an electrical part, it can 
miniaturize and it becomes possible [ carrying in a car ]. 

[0016] A passenger car, a truck, or a motorcycle can be considered as a car carrying the obstruction 
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detection equipment for cars of drawing 1 . In order to detect the obstruction around a car, it is necessary to 
carry an unit or two or more radars 1 in a car. For example, in order to detect a front obstruction, a radar 1 is 
carried in a front bumper, in order to detect a back obstruction, a radar 1 is carried in a rear bumper, and in 
order to detect the obstruction of the side, a radar 1 is carried in a door mirror. Moreover, what is necessary 
is just to carry out two or more loading of the radar 1 for the side monitor of a large-size car at the body side 
lower part. 

[0017] In addition, if many radars operate to coincidence on a public road, interference of an electric wave 
may occur. Then, time amount t from the start time of the obstruction detection equipment for cars of 
operation to the generating start time of a transmitted pulse ( drawing 3 ) is random-number-ized, and 
whenever equipment starts, he is trying for time amount t to change with the gestalt of this operation. 
Thereby, generating of electric-wave interference can be suppressed. 

[0018] The above radars 1 output trigger signal Trig for every scan period of a radar 1 while outputting the 
envelope signal Env which shows the reinforcement of a reflected wave. Henceforth, one scan period after 
trigger signal Trig is inputted until the next trigger signal Trig is inputted is called a sweep. 
[0019] A/D converter 2 carries out the analog / digital conversion of the envelope signal Env, whenever 
trigger signal Trig is inputted, and it outputs the digital data after conversion to a processor 3 ( drawing 2 
step 101). A processor 3 once stores in memory 4 the digital data inputted from A/D converter 2 (step 102). 
Trigger signal Trig hits for 1 second, for example, is outputted 10 times, and supposing the sampling rate of 
A/D converter 2 is 4kHz, A/D converter 2 will perform 400 samplings per trigger signal input. 
[0020] Next, a processor 3 performs target detection processing in which the target which can serve as an 
obstruction of a self-car is detected, based on the digital data of the envelope signal stored in memory 4 (step 
103). A flow chart Fig. for drawing 4 to explain target detection processing, drawing 5 , and drawing 6 are 
the signal waveform diagrams for explaining target detection processing. In addition, although the signal 
treated with a processor 3 is digital data, in order to simplify a publication, the analog wave has indicated 
each signal at drawing 5 and drawing 6 . 

[0021] Moreover, in drawing 5 and drawing 6 , although the axis of abscissa is made into time amount, this 
time amount is equivalent to the distance to the body which reflected the electromagnetic wave, and within 1 
sweep, the distance to a body becomes far, so that it goes rightward. With the gestalt of this operation, the 
input time of day of trigger signal Trig shows 0m, and the time of day of the end of one sweep shows 20m 
with it. 

[0022] The base line does not necessarily become fixed from carrying out signal magnification of an 
envelope signal Env like drawing 5 (b) acquired by each sweep of a radar 1 in that the reinforcement of a 
transmission wave and a reflected wave is in inverse proportion to the square of distance, and the output 
section of a radar 1 , and the clutter of ground reflection etc. existing further. 

[0023] In order to extract the target which can serve as an obstruction, the processing extracted for the 
purpose of the signal which sets up a threshold to each sampled value which sampled and digitized the 
envelope signal Env, and exceeds this threshold is required. However, since the base line of the envelope 
signal Env is not fixed, it is necessary to make said threshold into the dynamic threshold based on the 
sampled value near the sampled value set as the object of a threshold setup instead of constant value. 
[0024] Drawing 6 shows how to calculate such a threshold TH1 . For example, when calculating a threshold 
TH1 about the sampled value SI shown in drawing 6 , a processor 3 computes the average mu and standard 
deviation sigma from two or more sampled values of the time amount before and behind a sampled value 
SI, and computes a threshold TH1 based on these values. More, from the field of the 1st predetermined 
length LI centering on a sampled value SI, to accuracy, the average mu and standard deviation sigma are 
computed from two or more sampled values of the field except the field of the 2nd predetermined length L2 
(Ll> L2) centering on a sampled value SI, and a threshold TH1 is computed like a degree type based on 
these values to it. 
[0025] 

TH1= mu+gammaxsigma ... (1) 

In a formula (1), gamma is a constant (for example, gamma= 2). A processor 3 judges whether the 
magnitude of the sampled value of a processing object exceeds a threshold TH1, after computing a threshold 
TH1 as mentioned above about the sampled value of a processing object among each sampled value in 1 
sweep ( drawing 4 step 201) (step 202). 

[0026] When the magnitude of the sampled value of a processing object exceeds a threshold TH1, a 
processor 3 recognizes it as the candidate who can become for the purpose of this sampled value, and judges 
whether the magnitude of this sampled value exceeds the threshold TH2 set up beforehand (step 203). A 
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threshold TH2 is set up so that it may become large gradually according to the time amount in 1 sweep 
(distance to a body), as shown in drawing 5 (b). The reason for setting up a threshold TH2 in this way is 
explained below. 

[0027] Since the reinforcement of a transmission wave and a reflected wave is in inverse proportion to the 
square of distance as mentioned above, the gain of amplifier (un-illustrating) prepared in the output section 
of a radar 1 is set up so that the distance to a body becomes far, and it may become large. In fact, although it 
is ideal that the base line of the envelope signal Env becomes fixed by this, the base line is in the inclination 
which becomes high, and becomes the cause of mistaking target detection, for said gain, so that the distance 
to a body becomes far. So, the gestalt of this operation realizes more exact target detection by setting up a 
threshold TH2 like drawing 5 (b). 

[0028] A processor 3 recognizes this sampled value to be the target which can serve as an obstruction, when 

the magnitude of the sampled value of a processing object exceeds a threshold TH2 (step 204). 

A processor 3 performs same processing by making the following sampled value into a processing object 

(step 206), when it judges whether processing of steps 201-204 was completed about the total sampled value 

in 1 sweep (step 205) and processing is not completed, after finishing processing of step 203,204. 

[0029] After processing of steps 201-204 is completed about the total sampled value in 1 sweep, a processor 

3 investigates the time amount which two or more sampled values extracted as a target follow, and this 

continuous time RL judges whether it is over predetermined time LE (step 207). This predetermined time 

LE functions as a filter which cancels short-time reflection (incorrect target). 

[0030] And when the assembly of two or more sampled values to which continuous time RL exceeds 
predetermined time LE exists, let a processor 3 be the target which finally detected these sampled values 
(step 208). Hereafter, this detected target is called Plot P. As information on Plot P, there is a location 
(distance with a self-car) DP. This location DP converts into distance the time of day when the magnitude of 
Plot P serves as max (reflectivity is max). The information on Plot P is stored in memory 4. In this way, 
target detection processing is completed. 

[0031] Next, a processor 3 performs target tailing processing in which the movement condition of each 
target is decided, based on the information on the truck T which is a target under tailing detected by the last 
sweep, and the information on the plot P detected by target detection processing (step 104). Drawing 7 is a 
flow chart Fig. for explaining target tailing processing. 

[0032] Track number n is given to ascending order from 1 at every truck generation, and the reliability value 
TQn (TQn is zero or more integers) which expresses the reliability of Truck Tn further is given to each truck 
Tn. This reliability value TQn can take the value to 7 which shows the highest reliability from 0 which 
shows the minimum reliability. As information on the other trucks Tn, there are the prediction location 
(distance with a self-car) DTn and the prediction rate VTn of Truck Tn. Each of such information is stored 
in memory 4. 

[0033] First, a processor 3 performs correlation judging processing in which the cross-correlation relation 
between Truck Tn and Plot P is investigated ( drawing 7 step 301). Correlation judging processing performs 
judgment processing of all plots P in an order from the plot P of a short distance. The correlation gate of the 
predetermined length centering on Truck Tn is set to each truck Tn for separation with discernment of a 
target and tailing, and other targets. The magnitude of this correlation gate is set up so that the separability 
ability of the tailing engine performance of a target and other targets may be compatible. 
[0034] That is, according to the reliability value TQn of Truck Tn, the correlation gate becomes small, when 
the reliability of Truck Tn is high, and when the reliability of Truck Tn is low, it is set up so that it may 
become large. With the gestalt of this operation, the predetermined length of the correlation gate at this time 
is set to LA (SM<LA) noting that reliability is low in the case where SM and the reliability value TQn are 
less than four about the predetermined length of the correlation gate at this time noting that reliability is high 
in the case where the reliability value TQn is four or more. 

[0035] When the location of the plot P of a processing object is in the correlation gate of Truck Tn, it is 
considered that a correlation is between Plot P and Truck Tn. Since a correlation may arise between two or 
more plots P and two or more trucks Tn at this time, in such a case, according to the following indexes, 
Truck Tn and Plot P are matched 1 to 1 . 

[0036] (A) When two or more Trucks Tn and correlations have one plot P, select the truck Tn nearest to this 
plot P, and match with Plot P. The truck Tn matched with Plot P is made into the outside of the object of 
subsequent correlation judgings. 

(B) When one truck Tn and correlation have two or more plots P, select the plot P nearest to this truck Tn, 
and match with Truck Tn. The truck Tn matched with Plot P is made into the outside of the object of 
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subsequent correlation judgings. 

(C) Consider as a new truck about the plot P without the truck Tn to correlate. 
[0037] Drawing 8 is a signal waveform diagram for explaining the example of correlation judging 
processing. In the example of drawing 8 , the reliability of a truck Tl is high and the reliability of a truck T2 
and T3 is low. Therefore, the magnitude of the correlation gate set as a truck Tl is SM, and the magnitude of 
a truck T2 and the correlation gate set as T3 is LA. 

[0038] Although plot PI has both and the correlation of trucks Tl and T2, the near truck Tl is selected by 
plot PI . Now, plot PI and a truck Tl are matched, and a truck Tl becomes the outside of the object of a 
correlation judging. Although plot P2 also has both and the correlation of trucks Tl and T2, a truck Tl is 
outside the object of a correlation judging. Thereby, a truck T2 is selected. Now, plot P2 and a truck T2 are 
matched, and a truck T2 becomes the outside of the object of a correlation judging. 

[0039] Since a truck with a correlation does not exist in plot P3, it becomes a new truck. And since plot P4 
has truck T3 and a correlation, it is matched with truck T3. Correlation judging processing is completed as 
mentioned above. 

[0040] Next, a processor 3 graduates the location and rate of each truck Tn, in order to predict the location 
(distance) and rate of each truck Tn at the time of a next sweep. First, a processor 3 computes the smoothing 
location DSn of the truck Tn in the present sweep (t) like a degree type (step 302). 
[0041] 

DSn(t) =DTn(t)+alphax - {- DPn(t)- DTn (t) --} 
... (2) 

In a formula (2), the prediction location of the truck Tn with which DTn (t) was computed at the time of the 
last sweep, the location of Plot Pn where DPn (t) was matched with this truck Tn, and alpha are location 
smoothing constants mentioned later. A processor 3 performs such calculation for every truck Tn. 
[0042] Then, a processor 3 computes the smoothing rate VSn of the truck Tn in the present sweep (t) like a 
degree type (step 303). 

VSn - (-- 1 -) -- = - VTn (-- 1 --) - + - beta x - {-- DPn - (- t -) - DTn -- (- t --) --} /-- delta - t - 
- ... (3) 

[0043] In a formula (3), the prediction rate of the truck Tn with which VTn (t) was computed at the time of 
the last sweep, and deltat are the time amount (period) of one sweep, and a rate smoothing constant which 
beta mentions later. A processor 3 performs such calculation for every truck Tn. Corresponding to the 
reliability value TQn of each truck Tn, the location smoothing constant alpha and the rate smoothing 
constant beta are set up, as shown in Table 1 . 
[0044] 



[Table 1] 



TQn 


0 


1 


2 


3 


4 


5 


6 


7 


a 


1 


1 


0.8 


0.7 


0.6 


0.5 


0.5 


0.5 


& 


1 


1 


0.5 


0.25 


0.2 


0.17 


0.14 


0. 125 



[0045] Drawing 9 is drawing showing the situation of location data smoothing. The prediction location DTn 
of the truck Tn obtained by prediction mentioned later (t), the location DPn of the plot P corresponding to 
this (t), the prediction rate VTn of the truck Tn obtained by this prediction (t), and the rate of the plot P 
corresponding to this are not completely in agreement. The reason is that there is dispersion by change of 
movement of a target. 

[0046] Then, with the gestalt of this operation, when the reliability of Truck Tn is high (TQn size), the 
location smoothing constant alpha and the rate smoothing constant beta are set up so that the smoothing 
location DSn (t) and the smoothing rate VSn (t) may become close to the prediction location DTn (t) and the 
prediction rate VTn (t) of Truck Tn. 

[0047] On the contrary, when the reliability of Truck Tn is low (TQn smallness), the location smoothing 
constant alpha and the rate smoothing constant beta are set up so that the smoothing location DSn (t) and the 
smoothing rate VSn (t) may become close to the location DPn (t) and rate of Plot P. In this way, the current 
location and current rate of Truck Tn are decided from the prediction location of Truck Tn, and a prediction 
rate and the location of Plot P. 

[0048] Next, a processor 3 performs the target update process which updates the information on the truck Tn 
stored in memory 4 ( drawing 2 step 105). Drawing 10 is a flow chart Fig. for explaining a target update 
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process. 

[0049] First, a processor 3 computes the prediction location DTn (t+1) of the truck Tn at the time of a next 
sweep like a degree type ( drawing 10 step 401). 
DTn(t+l) =DSn(t)+VSn(t) xdeltat ... (4) 

A processor 3 performs such calculation for every truck Tn. A processor 3 updates after calculation the 
prediction location DTn of Truck Tn (t) stored in memory 4 to DTn (t+1). 

[0050] Then, a processor 3 computes the prediction rate VTn (t+1) of the truck Tn at the time of a next 
sweep like a degree type (step 402). 
VTn(t+l)=VSn(t)... (5) 

A processor 3 performs such calculation for every truck Tn. A processor 3 updates after calculation the 
prediction rate VTn of Truck Tn (t) stored in memory 4 to VTn (t+1). 

[0051] In addition, since the smoothing location DSn (t) and the smoothing rate VSn (t) cannot be found 
about the truck Tn with which the plot P which there was no correlation, namely, corresponds in correlation 
judging processing of step 301 did not exist, the prediction location DTn (t) is used instead of the smoothing 
location DSn (t), and the prediction rate VTn (t) is used instead of the smoothing rate VSn (t). 
[0052] Next, a processor 3 computes the collision prediction time amount tn which shows the time amount 
which the collision of a self-car and Truck Tn takes for every truck like a degree type (step 403). 
tn=DTn (t+l)/VTn (t+1) ... (6) 

If the collision prediction time amount tn is a forward value, separating from a self-car is shown, and if it is 
a negative value, approaching the self-car is shown. A processor 3 stores the collision prediction time 
amount tn in memory 4 after calculation. 

[0053] Next, a processor 3 updates the reliability value TQn of each truck Tn stored in memory 4 (step 404). 
That is, a processor 3 increases the reliability value TQn two about the truck Tn with correlation with Plot P, 
for example. In addition, the maximum of the reliability value TQn is 7 and does not become large from 7. 
Moreover, a processor 3 reduces the reliability value TQn, for example by one about the truck Tn without 
correlation with Plot P. In addition, the minimum value of the reliability value TQn is 0, and does not 
become small from 0. 

[0054] Then, the reliability value TQn after updating judges whether it is 0 (step 405), and a processor 3 
deletes the corresponding truck Tn from memory 4, when the reliability value TQn after updating is 0 (step 
406). 

[0055] Next, a processor 3 is stored in memory 4 by using this decorrelational plot P as the new truck Tn, 
when it judges whether the plot P without the truck Tn which corresponds [ which corresponds and 
decorrelational-plots ] exists (step 407) and a decorrelational plot exists (step 408). At this time, the location 
DTn of the decorrelational plot P (t) is made into the location of the new truck Tn, and the reliability value 
TQn of this truck Tn is set to 2. In addition, since a new truck is outside the object of a display and alarm 
processing, rate information does not exist but rate information is acquired from migration length and 
elapsed time at the time of the following correlation. In this way, a target update process is completed. 
[0056] Next, a processor 3 performs alarm generating processing based on the prediction location DTn after 
renewal of Truck Tn (t+1), the prediction rate VTn after updating (t+1), and the collision prediction time 
amount tn (step 106). Drawing 1 1 is a flow chart Fig. for explaining alarm generating processing. 
[0057] The prediction location DTn (t+1) of Truck Tn shows the distance of a self-car and Truck Tn. 
Therefore, it judges whether a processor 3 is below the distance to which the prediction location DTn (t+1) 
of each truck Tn was set beforehand ( drawing 1 1 step 501). When there is a truck Tn with which the 
prediction location DTn (t+1) became below the distance set up beforehand, it judges that there is risk of a 
collision and the alarm tone or warning voice which tells the passenger of a car about risk is made to output 
to an audio output device 6 (step 502). 

[0058] Moreover, the prediction rate VTn (t+1) of Truck Tn shows the relative velocity of a self-car and 
Truck Tn, if the prediction rate VTn (t+1) is a forward value, it shows separating from a self-car, and if it is 
a negative value, it shows that the self-car is approached. Furthermore, if the absolute value of the prediction 
rate VTn (t+1) is within the limits of **10 km/h for example, whenever [ self- vehicle speed ], it can be 
considered that Truck Tn is a quiescence target. 

[0059] Therefore, a processor 3 is a value negative in more than the rate VTn (t+1), i.e., a prediction rate, to 
which the closing rate of each truck Tn was set beforehand. And judge (step 503), and when there is a truck 
Tn which became more than the rate to which the closing rate was set beforehand, it is judged that there is 
risk of a collision whether it is more than the rate to which the absolute value of the prediction rate VTn 
(t+1) was set beforehand. An alarm tone or a warning voice is made to output to an audio output device 6 
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(step 502). 

[0060] Moreover, if the collision prediction time amount tn is a forward value, separating from a self-car is 
shown, and if it is a negative value, approaching the self-car is shown. Therefore, it judges whether the 
collision prediction time amount tn is a negative value, and a processor 3 is less than the time amount to 
which the absolute value of the collision prediction time amount tn was set beforehand (step 504), and the 
collision prediction time amount tn is a negative value. And when there is a truck Tn which is less than the 
time amount to which the absolute value was set beforehand, it judges that there is risk of a collision and an 
alarm tone or a warning voice is made to output to an audio output device 6 (step 502). In this way, alarm 
generating processing is completed. 

[0061] Next, a processor 3 performs display processing of a detection result. In this display processing, it 
judges whether it is the timing which the present time of day should display first (step 107). The display 
period is set as one sweep or predetermined time amount (for example, 1 second). If a processor 3 is the 
timing which the present time of day should display, it will display a detection result on the screen of a 
display 5. 

[0062] Drawing 12 is drawing showing the example of 1 display of a detection result. Drawing 12 (a) is 
drawing showing signs that the hysteresis for 4 seconds of the envelope signal Env, Plot P, and the envelope 
signal Env, the hysteresis for 4 seconds of Truck Tn, etc. were displayed on the screen of a display 5. 
Drawing 12 (b) is drawing showing signs that the prediction location DTn (t+1), the prediction rate VTn 
(t+1), the collision prediction time amount tn, the reliability value TQ, etc. of Truck Tn were displayed on 
the screen of a display 5. 

[0063] Processing of the above steps 101-108 is repeated for every sweep, whenever trigger signal Trig is 
inputted. In addition, what is necessary is just to perform same processing for every radar, when a radar 1 is 
plurality although the gestalt of this operation has indicated the case where a radar 1 is an unit. 
[0064] Moreover, although the detection result as shown in the screen of a display 5 at drawing 12 is 
expressed as the gestalt of this operation, when it carries in an actual car, the easier display gestalt is more 
desirable. Drawing 13 is drawing showing other examples of a display of a detection result. In the example 
of drawing 13 , the radar carried in the center of a screen at the self-car and the self-car is displayed, and the 
target detected by each radar to the perimeter is displayed. The arrow head added to the target shows the 
target prediction velocity vector. When it is judged that a processor 3 has the risk of a collision in alarm 
generating processing of step 106, an alarm is emitted by displaying the corresponding target in red. It can 
come, simultaneously the alarm output from an audio output device 6 may be performed. 
[0065] Moreover, although the radar which emits an electromagnetic wave is used with the gestalt of this 
operation as a sensor which measures the distance to a body, the radar which emits a laser beam and 
receives light may be used. However, it is necessary to scan the perimeter of a car over the large range in 
this invention on the relation which detects an obstruction. When using an electromagnetic wave, it can scan 
over the large range, without moving a radar. On the other hand, since the laser beam has sharp directivity, 
in using a laser beam, it is necessary to carry out the sweep exposure of the laser beam covering a 
predetermined include angle, and the drive for it is needed. Therefore, it is more desirable to use the radar 
which emits an electromagnetic wave as obstruction detection equipment for cars. 

[0066] The processor 3 in 1 of the gestalt of [2 of gestalt of operation] operation is realizable by computer. 
The program for realizing the obstruction detection approach for cars of this invention is offered in the 
condition of having been recorded on record media, such as a floppy disk, CD-ROM, and a memory card. If 
this record medium is inserted in the auxiliary storage unit of a computer, the program recorded on the 
medium will be read. And CPU of a computer writes the read program in RAM or mass storage, and 
performs processing which was explained by drawing 2 according to this program. In this way, the same 
actuation as 1 of the gestalt of operation is realizable. 
[0067] 

[Effect of the Invention] According to this invention, by using the radar which emits an electromagnetic 
wave, the exact target detection which is not influenced by the meteorological condition is attained, and the 
probability of incorrect actuation can be made small compared with an ultrasonic sensor. Moreover, 
property top long distance detection of an electromagnetic wave is possible, and it becomes possible to 
detect a distant target early comparatively. Moreover, since an alarm is emitted when the target which can 
serve as an obstruction based on the detection result of a reflected wave is detected, a target location, the 
relative velocity of a target and a self-car and a target, and the collision prediction time amount of a self-car 
are computed on real time, each target and the danger of a collision of a self-car are predicted and there is 
danger of a collision, a traffic accident can be prevented beforehand and improvement in safety of a 
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passenger can be realized. 

[0068] Moreover, by computing a threshold from the sampled value before and behind that, and extracting 
for the purpose of the sampled value exceeding this threshold about each sampled value which sampled the 
detection result of a reflected wave Can detect a target easily, judge the cross-correlation relation between 
the target under tailing detected by the last radar scan, and the newly detected target, and the target under 
tailing and the newly detected target are matched. By deciding the movement condition of each target, a 
location, a target relative velocity, and target collision prediction time amount can be computed easily, and 
the danger of a target and a collision of a self-car can be easily judged by comparing a location, a target 
relative velocity, and target collision prediction time amount with the value set up beforehand. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[0 0 0 3] C©<te>;5:fi£3fc©PSW'K)**£iJgBli. Si§ 

■fi-\ ! -\s-)\,mm%m i ®w&z>£¥\m^x. 



(3) 



3 

fcttPltt**Bf«tticWili$t*. RStttf 
«lcC4Rr«l*t3ittWlci!»»Si*-5c:i:lc:«ty. SJBtf 
fc/Si*tt**D&i*Tl^. 

[0004] ffl*a-b>*oft*>Ulc. 7l/t^ 

wilt, »«»**ai-r*t>oT**. 

?7 - 2 2 9 9 6 1 #^l/-^fflUT 

[0 0 0 5] $ SimSB¥ 8 - I 6 6 4 4 8 -^$81? 

Tl^o f LT, !|IH¥9-3 1 8 7 4 0f^Sim 20 
[0 0 0 6] 

m<Di%mzft\^xmw&^>y&mftm-tz>ii 
awniiftsa^ci^i^ g^s-tr >tmss 30 

[0 0 0 7] £/c. ^Ut*;b^&3lWa#*U£;*^ 

* t rcasg $ nx 1 \ a sue st^s^ <t co^feifig^ 

[0 0 0 8] *9e03(±. ±E«B«r*a-r*fc*6lca:S 
«*R8««*n£mv fl* ©RS1*l(Dftl»tt*:*y»r L 



4 

a««aiXE»«#*a«f * c t « § n tt z>. 

[0 0 0 9] 

*»»«4:a:y«*i«*a*D"r*«i co^m 

^101-103) (h, JKfEB«<&fit«. iKJE@«<fca 
Zm&-tZ>Wi2<D^m terry? ^ 0 4, 105) 

0 6, 1 0 7) tt*-r**>©T«*. 

«siciKitr**:ae>fcii. £?r*0JHH£tKmg£f?Hit(c 
us©*t&*o *rz.\zi*m.m&<Dmmmntfi±<& 

Affile 1 m£f£ UTfcfeB&gtelfiOo i*lC, tfij;t(i5m 

(ommfrb&mmizmmTz>-mm*i£mmtfm^£2z 

Wm&5£±X£Z^W&&nii ! £±Vt<Dfo±\z*;iZ<m 
T. C(DJE«a(0*aje*lC*^*»<OHHai Om 

fisjc^^-^. wsttt&yssaa^ajEnu, g*i 
m^mmmzn&^x. s«&asK<D«£<z>fiRfttt 

&i&¥ik&it>zrv>{f\stty->-7)\,mz-D\.\x* t<o 
*«jt*»>^«*B«fcUTttar***T*y, 

MESS 2 O^IWIi* 890(0 U-^ST&fcJOfcilM* 

j*flEaix«»*awiB*wtt"r«*i«-cfty, «ues3 
* n^cfa t tttt-r * c t fc«t y jwe s * t a 

-So 

[0 0 10] ^^c, *%0^(Dm^fflRS%^£li^§l4, 



5 

^m\y-y (i) ts »*«ta)«s©e«tt*ft«c 

tttt&tta/^DWBasrt^lSt (5, 6) 
Bfig£ft*DU ITOEBS<DttB« ffiEBS<!:SVR£<D 

(B**«K:M*B*S1**W1*H (3) £ZffiXZ> 

*MrtttW\ ffl^oe«(oa»ttJffi$5tsuT, mis a 

20 

[ooi i ] *^0^(7)m^ffl^§tt^iiiyp^^ 
Uf7^1 0 1-1 0 3) t, mEigott 

4, 105) ^ HuEss©ffi«, fiWMatfssw 

■ttHCS:Jl\TftEB*£ §J|li^<D®£(DfeP£tt£^ 
m\W Uf7^1 0 6, 1 0 7) <t^=»>t"j.-^lC^ 

ffl»»**ai^Py5A*E«UfcE»««01 *J*« 
(hUT, B9E3S l IKIEEttiftOttttttJII*-? 

B«t«ffclC«ttLfcB«t*«*f*lt. fi*CDBtl£> 40 

jwawBewmr *¥irca u . hem 3 

Stifcfci: iUS* * C <h iCct U JREB ■ £ g JSffitf)®^ 
[0 0 12] 

[xnomioeiu wjsojbbcoi] arc 

aHB««D«**Sr^Py*BI. 0 2 fill 1 cDlgPoffl® 50 



6 

fi-^E n v £-7^ A/DMfcB 
*tt£fcy»*B«£SE»U B«Offl«, IliSf 

u c(D*aa*ica-^i\TB«tB*Howse<ojsi« 
>tM«*(OB«a>«««h»ffciciS5Enu^BS<o«ffi<h* 

[0 0 13] U-^lfi, i3 fc^-TctpIc, /t;uxtt 

[001 4] aifs«a<o«jiiaffl2ea«wx.tf 2 4 g h 
zt'*y, /t;^«uiKU«jftaii«*tf 2 mh zt* 

ic«fc y , «l**ftlc&fiSti6:OiEWa: B flKSRSnfttprffi 
tafcy • M«a-b>»lcJt'<T«ft»©IME*/J\S<-r 

[0 0 1 5] S&IC, *ll3Sfi6D^«l"Cli. i*§ffHP<7)!e] 
»<D*fcfcOTBiJS;££aHv ^-coffecDIeJgSlcfcLxTIi 

5 IC L T C x 5 <0T\ iKJHiftffiaa £8 £ X t> "T C £ #T 
[0 0 16] B 1 OtMffiRf «ttHiSI«8et«* 

f^&ns. *M<0JSH<&»s«i£«art-*icid: % 
*a**iwiHa©u--*M t*Rrc«K-r*ct*«!B 

gch^o WiLtf, W*(0l»S*t*ar-5lctt % 37P 
>h/*>/trtlCU-$M ft^RI*€tllil 

w&*<*tB-r*ici*. K7^7-rtcu-y 1 zmmt 

[0 0 1 7] ft fc, 4>iS±-C*a(Dl/-^RI»lC»ft 
*J*6»«/t;u^©9ISHJftW*J*T(0«IH t (03) 



(5) 
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[0 0 1 8] Ja±0«fc5£U-*n 14. RWiftt^SSS*- 

■Jtfff^T r i g^A*atlT3&»6aOhU*f«*T r 
i g#A***l**TG>1 36*JHH*^-f-^ti»-K. 
[0 0 19] A/DMB2lt h'J«B*Tr lg# 

A*£tl3glC. S^^fl^E n v^T^Q^/^>f v 10 

(B2Xfyyi 0 1) o ftlXf 3(t AX 

^l^fc^tttS (^T7^1 0 2) o h "J #«*T 
r i glil »SfcU«Atf 1 0H£H:Jj**U A/Dffijft 
B2 0*>^'J >#ls- H4Witfi 4 k H zTWtt 
A/DKJft»2li, 1 ScOh-'J^m^-A^fc-D^ 

4 o o0(D-y->yj >^p 0 

[0 0 2 0] JfclC. &SgB3li, «'J4^»Lfc 

ya-^v-hm* ms. i6iiiga»«ii$Rwf 

aft. H5. B 6 TI44OT* 7tPy»SrE«l/Tl^ 

So 

[0 0 2 1 ] £>c, B5, H6TI4. iH«Btl/T 
I * * C O B#Fb1 UVBiftC: KM L S TOEBI IC 

TH 1 =/i + r X a 

xC (l) ictsivc. r(45£gfc («*.tfr = 2) Tft-5» 

icSffib^ (04X7*^20 1) , 

Uf7?2 0 2) o 
[0 0 2 6] ift3K»3l4. «l^*t»CDtl->^H@(DA 

*«^»«*Stl^ L*lM»T H 2 ftffljL**S^*«3E 
"TS Ufy72 0 3) . L£lM!TH2(4, H 5 
(b) lC^r«fc?rcl A-f-:/rt<DH$IH («Ht*TOffi 

£IMBT H 2 £C(D<J: 5 fcRE-r*«a*UTlcKJ)-r 

So 

[0 0 2 7] miS<0«t5lc3lfBatecktfS»t«O?SK# 
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gOAABSI*0m*$U 1 A^ y<DB$SJ 

#2 Om^^L/TU^o 
[0 0 2 2] Iz-yiOt^-f-^rSBft*, 05 
(b) MSMimmEnvIt 3S«iftfcJ:tfE*f 

»©a«*««EIB0 2*icS]tWr«c:<t4:, <a 

[0 0 2 3] ttSM&ftUWSBaCrttU'rSAiAIC 
14, S&*Stfs^E n v£-y->:/y >^L/7=w i?#MtU 

So a^tSft-^E n vO^-77-< ftT 

m\Cd:^b, WEU*l^f4» — ^fBTI4£:<. U# 

[0 0 2 4] IH6(i x C<D£?&L£lMiT H 1 

^^LTLN§ e w^ii h 6 izTjk-fy- > -?m% S 1 \Z 

OUTU§l\»TH1**«)5l8^ *fl.3lSg«3(4. -y- 

<bth i ^sft-rso «tuiE*fcr4, -tf>^unisi* 
t^ttssi ©^tSsl i (ossiScfcy-y-^^ufits 1 
&**b£-rz>m2<Dm7£^L 2 (n>L2) 

a^wasoT. cti6©i«iici/#o(iTHi^aa 

[0 0 2 5] 

• • • (1 ) 

SO^aaWT**^ HRKCI4huIB<t-Y xoraabiz. 

SHSOJE1BTI4. i5 (b) <Dcfcp£:0£UfBTH 2£ 

[0 0 2 8] «l3ia&B3l4, «ia*t*(D1t>^Mlt<0* 
*S#U*lM«TH2£jBiL*»^ COt*->:/;MB£ 

*aaS«3f4, A^!y^2 0 3, 2 0 4OM^X.fc 
i x-f-yp»9(D±it>^MBlcooTA^^y2 0 
1 -2 0 4 OM*«7 U^:^5^*fl£ L (XTyZf 

205) , «a*»TUTt^fti\ii^ ;*o-y->y;Hfi 

£«!3tt*<fcUT Uf'^2 0 6) > iHl^cDMii^^T 

[0 0 2 9] 1 A-f-^rt^*th>^;Witrc^l\TAx- 
7y2 0 1 - 2 0 4©«li#lf7«<!:» «lii^S3 

rs^i^-<. COIMMR LtCffiCWIlL EMiLT^ 



(6) 



leu m&ffficDKm (mum) ^mr^y-o^t 

[0 0 3 0] fLT, M^M3(i, mm&ffflRLtfpfi 

j3*£C0S§£t) DPMS. CO&gD Pf* x yP7hP 
0>*#SjO*** (E»Bt«#**) fctt*BS»]*ffiBHc 10 

tett^n^o cut, Bai«ttftLa^»T-r*. 
[003 ii aic, ian^^3 (i. mmcD^'C-y-cw. 

0 4) o S7|^gSiiMMil^l^0^-r^rci6cD^P-^ 

[0 0 3 2]*h77^Tn|Clt * 

1 #S»*lch^2/*»^n#W^S*u ^bl:h77 20 

nvmmm&mTmm&mTQ n (TQnf4om± 

^ y * T n WXtitM {&mm<t<DZEM) DTntfa 

[0 0 3 3] «I813li, h77^Tni:7 , P 

(077X7^3 01), fflBII*iJS*Q:Sfi. £3g£t<7>:7* 30 
□ ? h P^6«#lc±yDy h PO^JSlfflS^fTP. «• 

[0 0 3 4] tfttoS, ««y-Mt h^^Tntf) 
ffUgffiTQ n IZ&CT h^y^T n OftMKAffflt'JI 

-hORSg^LA (SM<LA) <h-r^o 
[0 0 3 5] «LS*t*(7)rPy h POfiig^h^^^T 

DSn (t) = D T n (t) + a X { 

it (2) {CfclxT. DTn (t) \tm®<DX<< -y&f\Z 
KSJStl/t K^^/^T n<D^»JffiB, DPn (t) lie 
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rKDfflBy-hftTSiiS, ?P7hPih77^T 
7*P7hP iSa(Z)h77^T n £<Df£l \Z«HK9ttfi± 
?tf^T h77^Tri(i:yP7 h P<t*r 1 *M fC«JCW(t 

'So 

[0 0 3 6] (A) lO(07 , P7hP^MOh7 7^ 

t n <tfflHBfl«^«*l»^lc(i, coyp 7hP fc— # 
you/ hP(h*t/£#(*&ti^h^y^TnfiJaBo 

(b) aaco^p^ hp^i o(Dh^y^Tn<t*aBaH 

hP^ISLt, h77^Tn<hM*^o ^D7h 

(C) «BI|-rSh^!y^Tn^t\^Py hPfc^l\T 
[0 0 3 7 ] HSttfiBBW^ffiStOftftW^KiB-rS/t 

mmm&m<. ^77^12, T3og«gM£Oo u 
JusMT*y, h77^T2, T3ic»s$n*«Ba 

h £I4L AT^^c 

[0 0 3 8] h P 1 fi h77^T 1 , T 2 <D[S}Jj 

&4BHHR£f£*ftf. 7D7 KP 1 lcj:Uifilx h^y^ 
T1^iM^$tX^)o CtlT\ yP7hPUh77^T 
1 <t**«««l*6tl, h77^Tl liffiNHSOttfeft 
£&£o ^P7hP2t)h77^T1, T20^^^^§ 

7*P7hP2(hh77^T2i^Mltbn, 

[0 0 3 9] ^P^hP3(C(i. *B§mf&CD£>£> K^u/ 

y h P 4 14 h7 T 3 tiHIWtf h 
7 7^T3(i:«iStt[tbn§c a±cD^e>fCLT, ffiH 

[0040] ;*ic, «ias«3ri, ^mcox-f-^ic 

T n (DW-T^itiiLM DSn (t) ^^(D^VlZU&T^ 
(*TyZf3 0 2) o 
[0 0 4 1 ] 
DPn (t) -DTn (t) } 

■ • • (2) 

*lZ'ik&TZ>GL&¥m<tm&LT*$>Z>o ttlSf 3lt c 
[0 0 4 2] tt^T* 3 13, gu-f-^lcfcl* 



(7) 
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5h^u/^TnO¥^b3JgVS n (t) £;Xj£<D£v 

VSn (t) =VTn (t) + £ X 

[0 0 4 3] iC (3) lCfct\X, VTn (t) IctfuHXO 

iii x<t-7(Dm® (mm) . piZikft-fz&mwMit 
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Ut7?3 0 3) o 
(DPn (t ) — D T n (t) } /A t 
■ • - (3) 

It. &h^y?T n(OffSIg{fiTQnia£DT^(£^ 

[0 0 4 4] 
[^1 ] 



TQn 


0 


1 


2 


3 


4 


5 


6 


7 


a 


1 


1 


0.8 


0.7 


0.6 


0.5 


0.5 


0.5 


6 


1 


1 


0.5 


0.25 


0.2 


0.17 


0.14 


0.125 



[0045] ms it&mw-m itmmcom^^r mx«z> 

fiiDTn (t) 2iZ-tl\ZMjfo~$~Z>~7u y h POfiiD 
Pn (t) , m^M\Z<£-z>Xi%Z>tltz V^yOT n(D^ 

mm&vTn (t) icnjcw/c-r^^py hpoiss 
^iz—zb-fzatute^o *<om&it, mm<o& 

[0 0 4 6] .tCT, **SS©JBfflTI*. h77^Tn 
©fI«K#8SO (TQn ^c) if^lCfi, ¥$ftfii.DS 

n (t) (h^tfcUVSn (t) ^>77^Tn(^) 
^fflfi* D T n ( t ) <fc^jl«£ffi V T n ( t ) <h |Cifi< 

[0 0 4 7] SIC, h^U/^T n(0<fiJtW£l> (TQ 
DTn ( t + 1 ) =DSn (t) 

«ias«3ii, c^ctp^mai^ b^y#T nmizn - 

77^Tn^lfiiDTn (t) ^DTn (t + 1) 
VTn (t + 1) =VSn (t) 

^y*T n<0*»JitSVT n (t) £VTn (t + 1) 

[0051] ftfe, fflwa*aa>-3fc. -r^c^^^^^^ 
3 o i <Dtmmfein:mizisi\T*t&TZ>'7n y h p^s 

SLtoofe h7'^Tn (C^l\Tfi, ¥7lftfilD S 
t n = DT n (t + 1) /VT n 

sse^ai^H t n#iE<z)ttT»ntf a*H3^6«inT^ 

**«J4|C«|W*. 

[0053] ;*ic, *aass«3(i, y^iMicttttsn 

fc, * h7 7 ^ T n ©««SttT Q n tlSt-S Uf 



n/jv) «^ic(i, ¥;f<bfcMDSn (t) <h¥;tfbi$g 

VSn (t) (h/)^P7hPOfiiDPn (t) <hilS 
£ icifi < £: £ ct 5 ttt«¥»fbSBk-o taflETWftStt £ 

(gi2^^^yi 05) o mi ousssa*i«Hw 
[0049] sr. «rssa3ii. ;^(H]cox^-^fc 

&l1-Z>b^y?T nCD^MiiLWDT n (t + 1) £#xt 
(Oct PlClfflt^) (01 0XT7^4 01) 0 

+ VSn(t)XAt (4) 

30 [o o 5 o] m^x. «m&m3it % ^<o^-ym 

Cfclt5h7y^Tn©faafiVTn ( t + 1 ) 
itCOcfc^(CWa-r^) U77^4 0 2) o 

■ ■ • (5) 
n (t) fccfclPP»fl:i*ttV S n (t) 
-C£7£l\tf>T\ ¥;t<bfiMD S n ( t ) (OftteU fd^jlij 
filDTn (t) ¥;t-fbiSSVSn (t) ©ft 

foyiC^ffliSJKVTn (t) £/?H^«> 
[0 0 5 2] «i31£SB3li, a*i35ih^!y^T 

40 n (Dm^izm-t^mm^-rm^mmm t n £#it<£> 

•t5fC#h5y^l5lCjta-r* Uf7^4 0 3) o 
( t + 1 ) ... ( 6 ) 

n*«*tf 2 ttfc, ffl«MTQnO»*»i 

tfij;tff7T\ 7 cfcy*£<£*C<tli&0. MSI 
^M3(ct, 7P7hPtOi»#W^h7y^Tn 
(COUTtt. ftH^fiiTQn^ffiJ^tfl m*>T . 7cC*5, 
ffi«Kffl[TQn<0»filitliOT. 0 J:U/J\S<ftSCi 

[0 0 5 4] £B\T, ffiSSfi3fi. ssf^omnsfii 
50 TQn*0fr£5frtflSU Ux7?4 0 5) % M»f 



(8) 
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«©fi8e(lTQntfOT'«-5»^ *\&?Z>h : ?v2 

[00 55] M^l3d mgM^n^K f 

0 8) o COit, #ffi»7PyhP©ffllDTn 
(t) £%\m.<Dh : 7Vt>T n(Dfi[M<*:U ^(D V=?vO 
Tn©filMTQn^tf2i«. SS«(D 10 

■rs. 

[0 0 5 6] ifclC. »«S»3tt, h7-^Tn©If 

iifiiD t n ( t + 1 ) % ww&v^mmm v t 

n ( t + 1 ) % BK^aHKIH t n lc»^l\T«fflfS±*& 

Ut7?i 06) B n i itwm&tt&mz 

[0 0 5 7] h7 7^T n (D^f*Mi±LWt D T n (t + 1) 20 

AbT, MIil3ll Sh7y^TnWlfilDT 
n ( t + 1 ) ^«K£$n«:ERIJUTTft«^5^« 
mmis (HI 1 ^77^5 0 1), ?|]ffi!DT n (t 
+ 1) ^a6»K4tifcE«UaTlCftofc h^y^T n 

^fctlgiW 6 \Z (7x7^5 0 2) o 
[0 0 5 8] h^u/^T n^iWiSKVT n (t 

+ 1) (i, i«Ith7 7^Tn (h^fflWiSg^S LT 30 

fcU, ^I'JggV T n ( t + 1 ) wjEom-vfotutsm 

SiffUTU-SCth^^-rc ££IC. MBSVTn (t 

+. 1 ) '<z>te*tii&mxii&mm&± i o km/h<7)$Qgi 
rt-c^titf, h^^^Tnri»iha«T*-5 < ta/j:rc: 

[0 0 5 9] L^bT, «UI8£«3li % 

isvTn ( t + 1 ) ^n<omx\ fr-D^mmmvT n 

( t + 1 ) <0«*fffl^A&SS$ti>£:iSaia±T*'5^ 40 
S^flSL Uf7^5 0 3) . SjfiJSK^tttt* 

[0060] mttxmm t n^iE^xiT^ntf 

^M3(i, SSS?»J«Mt n#mo{ST\ flOSSg^;!!] 
*Mt nO|ft»ii^d0«S«tl^eiBJartT**^S 

L Ut7?5 0 4) % ffi3S^;l'JB#P£ t n#fi 50 
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6icaj^^i±-5 Uf7?5 0 2) o ce>ux. is^ 
[0 0 6 1 ] ffiilSlg 3 ri, ttUtSXtoS^fiLa 

7) „ m^mmt. i 7s-<-7$>z>i\itFfifc<Dmm cm 

[0062] hi 2 ttttussso i mTRm^Tsk-tm-v^ 
^>o ii2 (a) it m^&msommiz. nmmmn 

Env, 7 r P7hP, SJMBfi^E n v(0 4#IB<Z>« 

h 7 y ^ T n O 4 
tit'^^o Hi 2 (b) tt. a^ilg5<D!i®lc. h 
OfXffil D T n ( t + 1 ) % ^jfflSg V T 

n c t + 1 ) % rn^mmm t n , mmmmr QW&m 

[0 0 6 3] iU±(0cfcp^:^7^y y 1 01—10 8 <£>*0r 
ItfhUmTr i gtfArtStl**, IX 

[0 0 6 4] *jU6(0JgKi-CIi, £k^^W5(Dm 

ig(&*imc8«-rs«£icri* &v&mtem7jkmm<D?3 

&z>o m 3<DmT*u. MMcotp&iz&mmt&mmiz 
mmztifzis-ytzmTjku. t<Dmw\z&\s-#\z£. 
■3T»aj*nfcig*ssLT^s. mmiztttoztifz 

M3it. ^f7?1 0 6<0«ffl*£ffiJI[cfcOT«3S(B 

[0 0 6 5] £fc, *H«50JBS8T(i, %<*£T*OSE3l 
Ttxfcl*. fzfdlss *S5MTIt »S«5«:!S5»-r*H« 



(9) 
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[0066] mmvmmcD 2 ] nmommv* 1 \z&\f 
z> &m%im 3 it =1 > t: =l - * -rstsi-r s c <h * * . 

£OA(i, 7P7^xV^, CD-ROM, >^E'J 

<h> aftfcESsnyt^py^A^R^&ti^o 

r AM*^i\ri*sa(OEttsaic«^ii*. co^p 
^ ^ a icat o r a 2 trw u Ac e> AfflrS £ Sfr-r * . 1 0 

[0 0 6 7] 

XEM*»;OTrtET»tJ. tt««ii*<DB 6 

mtaT*zttfi*in\zit* m £tz. KMttotttUHJitrc 
H^uz^-fATitaiUT. m*<Dmmtsmm(DW 

[0 068] s«ao«ffie**-y->yu>yL 

t^r*, miaiou-^fiTasnL^iis+oaSc!: 30 
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aratx«s8^aittB**iiiciiaf*ct*«T*, b« 

[HffiOlH*«:KM] 
.[01] 1 (OHJ6<7)^fg<h75:S*i^fflP5# 

**b-ca*. 
[02] 01 o[)*nffli««*ttttKBCE)nff«Kn a r 

[0 3 ] u-^oaiflrajB*sfH"c**. 

[04] mmiztommzmwTzti&nyn--^*- 

[0 5] B «»ttttai*KWr *fc»©**»JBBT 
[B6] SS^5Ea5flS^|jiB^-rsrc«)rofa^>SJf5iaT 
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